INTRODUCTION
Diabetes mellitus is the most common metabolic disorder worldwide. In developed countries, diabetes is already the leading cause of blindness, renal failure and lower limb amputations, and is a major risk factor for cardiovascular disease and stroke. 1 The prevalence of diabetes has grown rapidly during the past 10 years in China and reached 9.7%. It is currently affecting 92.4 million adults in our country, including type 2 diabetes (T2DM) accounting for 90% of cases. 2 T2DM is caused by defects in insulin action and insulin production. There are strong evidences that an adverse genetic background together with environmental factors could impair insulin sensitivity in target tissues and insulin secretion from pancreatic b-cells. 1 The recent breakthrough discovery of a new family of naturally endogenous, small (B22 nucleotides), non-coding but functional RNAs have been proven to have significant roles in a wide spectrum of diseases including T2DM. 3 Considerable data suggest that miRNAs has a direct role in insulin secretion and production, pancreatic islet development, insulin action and indirectly control glucose and lipid metabolism. 4 Generally, miRNA exerts its function through binding to mRNA 3 0 -untranslated region (3 0 -UTR) and negatively regulating gene expression by cleavage or translational repression of mRNA. 3 Single-nucleotide polymorphisms (SNPs) that reside in the microRNA (miRNA) target site can affect the binding of miRNA to mRNA, which can either create illegitimate-binding sites or abolish existing-binding sites. 5 Recent studies have indicated that polymorphisms in miRNA target sites can affect gene and protein expression and lead to influence the risk of certain human diseases, including Tourette's syndrome and cancers. [6] [7] [8] However, gene polymorphisms in miRNA-binding sites have not been reported to be associated with susceptibility of T2DM. In the present case-control study, we investigated the effect of 10 potentially functional polymorphisms within the eight diabetes-related miRNAs target sites on T2DM risk.
MATERIALS AND METHODS Subjects
This study included 1017 T2DM patients and 1059 T2DM-free controls. All subjects were biologically unrelated ethnic Han Chinese from Nanjing City and surrounding regions in Jiangsu Province, China. The patients were consecutively recruited between March 2008 and August 2010 from the diabetes inpatient or outpatient clinic of three affiliated hospitals of Nanjing Medical University (The Affiliated Changzhou Second Hospital of NJMU, the Third Affiliated Hospital of NJMU and the Affiliated Nanjing First Hospital of NJMU) without the restrictions of age and sex. A diagnosis of T2DM required either a fasting plasma glucose X7.0 mmol l À1 (126 mg dl À1 ) or a 2-h glucose of X11.1 mmol l À1 (200 mg dl À1 ) after an oral glucose tolerance test. All the patients were tested by glutamic acid decarboxylase autoantibodies (GAD) and islet cell antibodies (ICA512) (performed by the clinical laboratories in the three affiliated hospitals) to exclude patients with type 1 diabetes. T2DM-free controls were randomly selected from the physical examination center within the same geographical area and the period when the cases were recruited. Controls were non-diabetic as determined by an oral glucose tolerance test, which was performed according to World Health Organization criteria. These control subjects were frequency-matched to the cases on the basis of age (±5 years), sex and residential area. After informed consent was obtained, each subject was personally interviewed by trained interviewers using a standard questionnaire to collect information on demographic data and environmental exposure history, including tobacco smoking and drinking. Those who reporting at least one cigarette per day were defined as current cigarette smokers, otherwise they were considered as non-smoker. Total alcohol intake was expressed as the sum of millimeters of alcohol per week from wine, beer, cider and spirits. An approximately 5 ml venous blood sample was collected from each subject after the interview.
Measurements
Weight, height and waist circumstance (WC) were measured by trained personnel and body mass index (in kg m À2 ) was calculated. Blood pressure was measured on the right arm after a 10-min rest using a standard sphygmomanometer of appropriate cuff size. After an overnight fast, venous blood samples were drawn and promptly centrifuged, and the serum was stored at À20 1C. All samples were run in the same assay. Blood sugar was measured in the laboratories in the three affiliated hospitals of NJMU with the glucose oxidase method. Total cholesterol, high-density lipoprotein cholesterol, low-density lipoprotein cholesterol and triglycerides were determined in the three affiliated hospitals by an enzymatic colorimetric method (Au5400, Olympus, Tokyo, Japan). DNA was extracted from peripheral blood by the use of proteinase K and phenol/chloroform. This study was approved by the Research Ethics Committee of Nanjing Medical University.
SNP selection
We first obtained 21 diabetes-related miRNAs (miR-375, 9,10 miR-96, 11 miR-9, 12 miR-30d, 10,13 miR-34a, 10,14 miR-146a, 10 miR-126, 15 miR-let-7b, 16 23 and PolymiRTS database (http://compbio.uthsc.edu/miRSNP/) 24 were first used to predict and identify potentially functional polymorphisms within miRNA-binding sites. Then we used the TargetScan 25 and miRanda 26 algorithms to further identify putative miRNA-binding sites within the 3 0 -UTR of each candidate gene and used the ensemble genome browser 64 (http://asia.ensembl.org/index.html) to search for the SNPs in the miRNAbinding seed region.The SNPs in miRNA target sites that appeared in at least two of above four prediction algorithm were selected. All SNPs were filtered by using the criteria that minor allele frequency of X0.05 in the Chinese Han population identified from the National Center for Biotechnology Information dbSNPs database (http://www.ncbi.nlm.nih.gov/), and the candidate genes where the selected SNPs located in were connected with the molecular mechanisms of T2DM according to the literature. Eventually, 10 SNPs (Table 1) were selected for subsequent association analyses.
Genotyping assay
Genomic sequences were obtained from the Hapmap database (http:// www.hapmap.org/). A 5 0 -Nuclease TaqMan assay (Applied BioSystems, Foster City, CA, USA) was used to genotype the polymorphisms in 384-well plates on ABI PRISM 7900HT Sequence Detection system (Applied BioSystems). The primers and probes of TaqMan assays were designed using Primer Express Oligo Design software v2.0 (Applied BioSystems) and were available upon request as TaqMan Pre-Designed SNP Genotyping Assays. PCR reactions were performed in a 5-ml reaction mixture containing 5 ng DNA, 2.5 ml 2* TaqMan Universal PCR Master Mix and 0.083 ml 40* Assay Mix. The primer sequences SNPs in miRNA target sites with the risk of T2DM X Zhao et al used were shown in (Supplementary Table S1 ). The PCR conditions were: 50 1C for 2 min, 95 1C for 10 min, 95 1C for 15 s and then 60 1C for 1 min; forty cycles of real-time PCR were performed. Individual genotype identification was performed by SDS software 2.0 (ABI). Each plate contained two samples from the same individual as positive controls and two blank samples as negative controls for the genotyping quality confirmation. There was 100% consistency in a 5% sample of duplicate testing. All the genotyping assays were done without knowing the subjects' case and control status.
Statistical analysis
Differences between cases and controls in demographic characteristics, risk factors and genotype frequencies were evaluated by two-sided w 2 -square test (for categorical variables) or Student's t-test (for continuous variables). HardyWeinberg equilibrium was assessed by a goodness-of-fit w 2 test to compare the observed genotype frequencies with the expected ones among the controls. Associations between gene genotypes and risk of T2DM were estimated by computing odds ratios (ORs) and their 95% confidence intervals (CIs) from unconditional logistic regression analyses with adjustment for age, gender and WC. We carefully controlled the potential influence of multiple comparisons using the thousand times permutation test by using Stata11.0 software (version 9.2; StataCorp LP, College Station, TX, USA). The gene-environmental interaction was assessed with crossover analysis by using Stata11.0 software. WCX85 cm for men or WCX80 cm for women was defined as abdominal obesity. All of the statistical analyses were performed with SPSS18.0 software (Version 18.0, SPSS Inc., Chicago, IL, USA). All tests were two sided and the criterion for significance was set at Po0.05.
RESULTS

Basic characteristics
The characteristics of the cases and controls enrolled in this study are shown in Table 2 . There was no significant difference in the distribution of age and gender between the cases and controls. Of the selected characteristics, significant differences existed between cases and controls for blood pressure, waist circumference, body mass index, total cholesterol, triglycerides, high-density lipoprotein cholesterol, low-density lipoprotein cholesterol and fasting plasma glucose.
Logistic regression analysis for the association between SNP genotypes in miRNA target sites and T2DM (Table 4 ). There was no significant difference in the magnitude of the associations between the remaining seven SNPs and T2DM in subjects with different age, gender, abdominal obesity, smoking, drinking (data not shown).
Crossover analysis in assessing gene-environmental interaction Rs1366600, rs2292899 and rs11724758 which had significant associations with the risk of T2DM in the single-locus analysis were, respectively, assessed the gene-environmental interaction by crossover analysis. The dominant models of rs1366600, rs2292899 and rs11724758 were defined as G þ . Rs1366600TT, rs2292899GG, rs11724758GG were defined as G À. Abdominal obesity was defined as the E þ and the normal WC was defined as E À. In the analysis of rs1366600 and rs2292899, subjects who only carried the environmental risk factor or putative risk genotype had the increased risk of T2DM (adjusted ORs ¼ 2. 
Assessing gene-gene combined effect on T2DM risk
We then analyzed the cumulative effect of three SNPs (rs1366600, rs2292899 and rs11724758) alleles and risk of T2DM. These three loci were evaluated together by the number (0-6) of putative risk alleles (rs1366600 C, rs2292899 A and rs11724758 G). Compared with the reference group (0-1), a significant increased risk of T2DM was detected as the number of risk alleles increased (P for trend o0.001, Table 6 ). Furthermore, compared with the reference group (0-1), individuals carrying two or more risk alleles still had a 1.70-fold increased risk for T2DM.
DISCUSSION
Recent studies 1,4 demonstrated that SNPs located within miRNAbinding sites are likely to affect the expression of the miRNA targets that may contribute to the susceptibility to human diseases. In short, an SNP may either abolish or weaken a miRNAs target or create a perfect sequence match to the seed of a miRNAs. 5 Abelson et al. 6 showed that the var321 in the human SLITRK1 gene 3 0 -UTR replaces a G: U wobble base pair with an A: U Watson-Crick pairing and strengthens an existing miR-189 target site, further amplifying the down regulation of SLITRK1, which leads to Tourette syndrome. Mishra et al. 7 demonstrated that a 3 0 -UTR 829C-T in the human dihydrofolate reductase leads to a decrease in the miR-24-binding site resulting in dihydrofolate reductase overexpression and methotrexate resistance. We used different algorithms to predict SNPs in diabetesrelated miRNA target sites located on 3 0 -UTRs of the genes involved in the development and progression of T2DM. In this study, 10 SNPs were eventually selected and genotyped, and we found significant associations between three SNPs (rs1366600, rs2292899 and rs11724758) and the risk of T2DM in Chinese Han population with a moderate sample size of 1017 T2DM cases and 1059 T2DM-free controls.
In the single-locus analyses, rs1366600CC, TC/CC of insulin receptor (INSR) gene contributed an independently increased risk for T2DM compared with rs1366600TT (adjusted P ¼ 0.031, 0.011, respectively). The association was more evident in elderly subjects (carrying CC, TC/CC genotypes), non-drinkers (carrying CC genotype) and the abdominally obese (carrying TC genotype). The SNP rs1366600 was located on 3 0 -UTR of the INSR gene. The INSR gene encodes protein having direct role in insulin signaling pathway and is implicated in the insulin signal transduction and insulin sensitivity modulation. Some polymorphisms localized mainly on coding region of the INSR gene had shown correlation with insulin resistance (IR) and T2DM. 27 Rare evidence showed the correlation of SNPs on 3 0 -UTR of the INSR gene with increased risk to IR or T2DM. For example, Malodobra et al. 27 showed that G/G genotype of rs3745551 on 3 0 -UTR of the INSR gene dominated in IR diabetic patients and had effect on insulin resistant phenotype development. Thus far, there has been little focus on the association between the SNP rs1366600 and the risk of T2DM. The SNP rs1366600 of INSR gene was predicted to be located on binding site of miR-20b seed. Zampetaki et al. 15 observed lower plasma level of miR-20b in diabetic subjects of the Bruneck study, indicating the important role of miR-20b in diabetes. In present study, we predicted that the variant allele C of rs1366600 in 3 0 -UTR of the INSR gene may cause a loss of the binding site for the miR-20b by algorithms and identified that it is associated with higher diabetes risks. However, how the miRNA regulates the expression of target gene INSR and the exact biological mechanism of the effect that the SNP has on miRNA binding needs further research. We hypothesized that the SNP rs1366600 in miR-20b target site can have an effect on INSR gene expression, further to change the function of the receptor. Although normal insulin secretion continues, the receptor cannot react to the existing insulin, ultimately leading to IR or T2DM.
We also found that the acyl-CoA synthetase 1 (ACSL1) rs2292899GA heterozygote genotype was associated with a significantly increased risk of T2DM. The association between higher risk of T2DM and rs2292899GA was more evident in the normal WC subjects ( Table 4 ). The association between T2DM and rs2292899AA homozygotes was not showed in present study, but the A was considered as risk allele. This was due to the insufficient sample size and rs2292899AA contributed an increased risk for T2DM compared with rs2292899GG (adjusted OR ¼ 1.13, despite P ¼ 0.416). The SNP rs2292899 was located on 3 0 -UTR of the ACSL1 gene. ACSL1, the major acyl-CoA synthetase of adipocytes, is involved in peroxisome proliferator-activated receptor signaling pathway. Peroxisome proliferator-activated receptors have been identified as the key regulators of fatty acid and lipoprotein metabolism, glucose homeostasis, cellular proliferation/differentiation and the immune response. Although ACSL1 clearly has an important role relevant to lipid metabolism and fatty-acid-induced insulin resistant, rare studies to date have investigated the association between genetic variants of ACSL1 and T2DM. 28 The SNP rs2292899 of ACSL1 gene was predicted to be located on binding site of miR-34a seed. Expression of miR-34a increased in the b-cell line MIN6B1 or pancreatic islets after exposed to palmitate in islets of diabetic db/db mice. Elevated miR-34a resulted in sensitization to apoptosis and impaired nutrient-induced insulin secretion. 14 Kong et al. 10 showed that hypertriglyceridemia as one of the characteristic blood lipid abnormalities in diabetes could favor the onset of diabetes via higher serum level of miR-34a. The variant allele A of rs2292899 on 3 0 -UTR of the ACSL1 gene was predicted to cause a loss of the binding site for the miR-34a by algorithms and identified that it could cause higher diabetes risks. How the SNP located on miRNA binding affects the target gene ACSL1 expression eventually leading to T2DM also needs to study further.
In this study, we found the variant genotype AA of rs11724758 compared with the GG genotype was associated with a significantly decreased risk of T2DM (adjusted P ¼ 0.035). In the stratified analyses, we similarly found that there was pronounced decrease in T2DM risk in males, elderly (age 455), smokers and drinkers carrying rs11724758AA genotype. The SNP rs11724758 was on 3 0 -UTR of the fatty-acid-binding protein 2 (FABP2) gene. The FABP2 involved in peroxisome proliferator-activated receptor signaling pathway has an important role in intracellular transportation of dietary long-chain fatty acids and fat absorption. 29 It has been reported that a polymorphism at codon 54 of the FABP2 gene, changing G to A (Ala54Thr), is associated with high IR, fasting insulin concentrations and involved in the development of T2DM. 29 But no evidence indicates any association between rs11724758 and T2DM. We predicted rs11724758 located in binding site of miR-132 seed. Klöting et al. 20 performed a global miRNA gene expression assay in different fat depots of overweight and obese individuals and found that the expression of miR-132 had a role in the link between adipose tissue dysfunction and the development of obesity-associated disorders including T2DM. We hypothesize that the variant allele A of rs11724758 on 3 0 -UTR of the FABP2 gene may cause loss of the binding site for the miR-132. Likewise, further functional studies are needed to validate the hypothetically functional mechanism.
The crossover analysis of the genetic polymorphisms of three genes and environmental risk factor (abdominal obesity) indicated that, subjects who exposed to both the abdominal obesity and putative risk genotypes (rs1366600TC/CC and rs2292899GA/AA) had higher risk of T2DM than those who exposed to single environmental factor or genotype factor. This may be attributed to the gene-environmental interaction that the risk effect of these two putative risk genotypes could be strengthened by the abdominal obesity. In addition, we found the carriers with potential protective genotype (rs11724758GA/ AA), who did expose to the abdominal obesity, had a decreased risk effect for T2DM compared with those who exposed to the abdominal obesity and potential risk genotype. This may be ascribed to that the potential protective genotype could decrease the effect of abdominal obesity factor on risk of T2DM.
Importantly, a cumulative effect was observed when the genotypes of rs1366600, rs2292899 and rs11724758 were combined to be analyzed with T2DM risk. Although in different signaling pathway, mutations in the INSR, ACSL1 and FABP2 genes are connected with IR and have a significant role in the pathogenesis of T2DM. Results from the study of Ning et al. demonstrated that insulin and insulin signaling induced IR through interactions with fat, which was in turn likely caused by the excessive accumulation of activated long-chain acyl-CoAs in mitochondria. It indicated that fat may not be able to induce IR without insulin, 30 while ACSL1 and FABP2 genes have a major role in fatty acid and lipoprotein metabolism.
In conclusion, our results suggest the rs1366600 of INSR gene, rs2292899 of ACSL1 gene and rs11724758 of FABP2 gene in miRNAbinding sites had significant associations with T2DM risk in Chinese Han population. The mechanism which caused T2DM susceptibility by subtle gene regulation is still not fully appreciated and clear. Further functional studies are necessary to verify whether the miRNA regulates the expression of target gene by binding to predicted target sequences. 
